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PRURITUS IN DIABETES MELLITUS 
AN EXPERIMENTAL INVESTIGATION IN ANIMALS 
HANS KOENIGSTEINt 
In previous reports, experiments for the utilization of animals in the investiga-
tion of pruritus were described (1, 2, 3). Prolonged and rhythmicallyrecurrent 
scratching paroxysms may be produced in a dog by intravenous injection of 
thalassin, in white mice by rendering them sensitive to light with the help of 
hematoporphyrin, and in larger laboratory animals by injection of numerous 
stimulating substances into the cisterna cerebello medularis. 
In the experimental animals displaying typical scratching paroxysms, we first 
tried to answer the following questions: which paths do the scratching paroxysms 
take and what part of the central nervous system do the substances eliciting the 
scratching paroxysms attack? We came to the conclusion-with the help of 
pharmacodynamic and operative methods-that adrenergic fibres play a part in 
the process of the scratching paroxysm (1, 3). Systematic severance of parts 
of the brain proved that the site of the scratching paroxysm is located in the 
lower part of the medulla oblongata in a zone bounded cranially by the auditory 
nuclei, and caudally by the corpora restiformia (2). 
In another group of experiments we investigated the composition of the sub-
stances which, in our experiments, produced the scratching paroxysm as a conse-
quence of intracisternal injection (3). The following substances produce these 
effects: morphine and its derivatives, apomorphine, physostigmine, pilocarpine, 
acetylcholine, atropine, strychnine, caffeine, metracole, camphor, coramine, picro-
toxin, thalassin, alizarin blue, potassium, caesium, ammonium and bromides. 
Although widely different in chemical composition and pharmacological activities, 
they all share the property of tetanic activity and judged by this activity they 
form a single group. 
It is of interest in relation to the present investigation that the list of pruriginous sub-
stances contains physiological constituents such as potassium and ammonium which play 
an important part in the metabolic processes. The mode of action of the cations is being 
studied in greater detail and will be published later. In the following, the relation of 
potassium and calcium to the scratching reflex will be discussed only briefly. 
Scratching paroxysms are brought on not only by an increase in the potassium level, 
but also by a drop of the calcium level of the cerebrospinal fluid. The proof of this state-
ment is based upon experiments in which potassium was injected in the cerebrospinal fluid 
or a decrease in the calcium level of the cerebrospinal fluid was induced by precipitation. 
The evidence was further strengthened by experiments in which part of the cerebrospinal 
fluid was replaced by solutions in which, while either potassium or calcium was present in 
physiological concentration, the other cation was omitted completely. In these tests the 
scratching proclivity was enhanced or depressed according to whether potassium or calcium 
predominated in the fluid. The mutual relationship of these two cations appears to be the 
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deciding factor. Briefly the result of the experiments is as follows: rise of potassium level 
of the cerebrospinal :fluid predisposes to scratching paroxysms; rise of the calcium level of 
the cerebrospinal :fluid blocks the occurrence of the scratching paroxysms or alleviates them. 
It is of importance to note in this regard that artificial increase in the calcium level of the 
:fluid not only suppresses or alleviates scratching paroxysms which are induced by potas-
sium and related cations, but also paroxysms which are elicited by other reagents already 
listed. 
The present investigations are concerned with the question of why there is a 
relatively high incidence of pruritus among diabetic patients. According to 
Joslin (4) pruritus affects one third of the diabetics. At times the pruritus is 
localized to special parts of the body, most frequently the external genitalia, the 
anal region, and the head; at times the pruritus is generalized over the entire 
body. According to my experience pruritus is not restricted to the severe cases 
with manifest symptoms of acidosis. There is no correlation between the sever-
ity of the pruritus and the metabolic disturbance. The recession of the pruritus 
is linked closely to the reversion of the metabolism to normal. In certain cases, 
however, the pruritus persists even after normal blood sugar levels have been 
re-established. In such cases it is not always easy to decide whether the pruritus 
is directly connected with the diabetes or is merely an accidental accompaniment 
of the latter. 
With regard to the localized pruritus, some authors have taken the view that 
diabetes is involved only in the sense that it prepares the ground for the mani-
festations of pruritus due to external causes (fungi, etc). 
EXPERIMENTAL 
I. Scratch Response to Glucose Acetone, Acetoacetic Acid and Cholesterol 
We have carried out a series of experiments on substances whose increase is 
characteristic of diabetic disturbances of metabolism in order to ascertain whether 
they are capable of evoking pruritus. The substances in question include 
glucose, acetone, acetoacetic acid, and cholesterol. These were administered by 
injection into the cisterna. Doses administered were selected so as to establish 
concentrations of test substances in the cerebrospinal fluid similar to those which 
are known to be obtained respectively in mild and severe cases of diabetes in man. 
In many cases, doses far above the known pathological limit. were also admin-
istered. Rabbits and cats were used for the experiments. It was assumed that 
the volume of the cerebrospinal fluid in the rabbit is three to four cc. 
Glucose was injected in 10, 40, 50 and 80% solutions in a dosage of 0.1-{).3 
cc. into rabbits and cats. Glucose elicited a response only when the dose injected 
reached or exceeded 1000 mg. per 100 cc. of cerebrospinal fluid. Following an 
injection rating 1000 mg. a condition of hyperexcitability was induced. It was 
particularly manifest in the form of· an ear reflex. At 3000 mg. stronger re-
sponses were observed. The reactions may be classified into two groups: In 
some of the animals, feebleness, motor disturbances in the lower extremities and 
drowsiness were elicited. In the other animals, short scratching paroxysms or 
cramps were produced. The factors responsible for the appearance of the 
symptoms of any of the two groups could not be discovered. The symptoms 
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appeared in five minutes, or even longer, after an injection. The blood sugar 
level rose considerably. Complete recovery was achieved after a few hours. 
Acetone was injected in solutions of 1~5% in doses of 0.1-D.3 cc. kg. Apart 
from slightly increased excitability following the administration of the largest 
doses, no abnormal reaction was exhibited by the animals. 
Similar experiments with acetoacetic acid failed to yield any result of special 
interest. 
Cholesterol was injected in the form of a thick emulsion in a dosage of 0.1-
0.3 cc.jkg. The injections did not elicit any scratching paroxysms or other 
reaction. 
The experiments which have been reported above show clearly that scratching 
paroxysms are not induced by acetone, acetoacetic acid, or cholesterol levels 
corresponding to those known to occur in diabetes of man. Glucose elicited a 
scratching reaction in cases only when it was injected in doses considerably 
higher than the pathological limit value known in man. 
II. Scratch Response in Alloxan-diabetic Animals 
In a further series of experiments rabbits were rendered diabetic by injection 
of alloxan (5) and examined in this state as to their responsiveness to pruriginous 
agents. A dose of 200 mg.jkg. alloxan by the intravenous route is known to 
produce the correct degree of injury to the Langerhans isles. The animals 
received oats in order to ensure an adequate intake of carbohydrate. In the 
first hours following alloxan treatment, a hypoglycemia may occur and should 
be offset by administrations of glucose. Three days after the alloxan treatment 
the disturbance of metabolism is sufficiently far advanced to permit the per-
formance of the further experiments. 
The level of sugar in the blood, and also where possible in the urine, was 
determined. Samples of urine were also examined for the presence of acetone 
and acetoacetic acid. 
Since diabetic acidosis is due to a primary alkali deficit which is best detected 
by one of the procedures designed to measure the alkali reserve of the body 
(Abraham Cantarow (6)) the alkali reserve was determined. Acetone was absent 
in the urine. The alkali reserve was slightly decreased in animals with symptoms 
of diabetes. (Table 1) Since alloxan is known to elicit kidney disturbances 
occasionally, tests suitable for the determination of intact renal function were 
conducted. These failed to detect any disturbance. 
Determinations of the threshhold of the scratching response in diabetic rabbits 
were conducted on two substances whose special suitability to quantitative 
determinations of this kind had been demonstrated in previous experiments. 
The limiting concentrations of these substances which still evoke a response could 
be fixed with considerable precision. When 0.7% ammonium chloride solution 
is injected intracisternally in a dosage of 0.3 cc.jkg., a prolonged and severe 
scratching paroxysm is evoked in normal rabbits. When the dose is reduced 
to 0.2 cc., a paroxysm of shorter duration and smaller intensity is produced. A 
dose of 0.15 cc. fails to elicit a reaction in normal rabbits. 
Twenty diabetic rabbits were injected with 0.15 or 0.1 cc. each of the 0.7% 
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ammonium chloride solution. This dosage which is less than the threshhold for 
normal rabbits evoked a severe scratching paroxysm or cramps in 75% of the 
diabetic animals. Most of the rabbits also contracted cramps which suppressed 
the scratching paroxysms for varying lengths of time. In an attempt to produce 
the scratching response free from accompanying cramps, we reduced the doses 
injected to 0.1 cc. However, even this small dose still resulted in cramps in 
many cases (Table 2). 
In interpreting these experiments and the relation of the response obtained 
to the disturbed metabolic state of the test animal, the fact that a diet of oats 
was fed needs to be considered. According to Luithlen (7) an acid diet enhances 
the susceptibility of the skin. It is probable that the threshold levels of other 
organs are also lowered in these conditions. Of seven normal rabbits kept on a 
TABLE 1 
Alkali Reserve of Rabbits (VanSlyke) 
DIABETIC OAT FED .NOJll(AL 
20.4 32.8 40.0 
19.5 36.2 38.0 
24.2 28 .7 35 .0 
28.4 42.0 27.0 
20.4 27.9 22.8 
33.4 21.4 27.0 
31.0 42.0 26.3 
34.0 36.2 31.8 




27.2 32.8 31.4 
diet of oats, only one reacted with scratching to an injection of 0.15 cc. of the am-
monium chloride solution, and none showed any scratching response following the 
injection of 0.1 cc. of the same solution. It follows that if acid diet does increase 
the sensitivity of the nervous system, the extent of this increase is significantly 
less than the augmentation which accompanies the metabolic disturbances of 
diabetes. 
The following two series of experiments establish beyond any doubt the connec-
tion between enhanced susceptibility and the metabolic disturbance of diabetes. 
Diabetic rabbits maintained on a normal diet and maintained on a diet of oats 
showed the same abnormally increased sensitivity. When however the metabolic 
disturbance was corrected by means of insulin the minimum dose which elicited 
scratching reverted to the normal level. 
The same difference in responsiveness between diabetic and normal rabbits 
was observed in experiments with pilocarpine. It became possible to carry out 
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such experiments with this reagent after it had been established that doses of 0.2 
cc. of 2% solution or less of this reagent never elicit scratching in normal rabbits. 
The conclusion clearly follows that the threshhold level for scratching stimuli 
is depressed in rabbits which are diabetic, i.e. they are predisposed to pruritus. 
TABLE 2 
Reaction of diabetic rabbits injected with NH.CL or pilocarpine intra-cisternally 
NO. WEIGHT GLYCOStrnA BLOOD SUBSTANCE INJECTED I IIEACTION S'OGA1l 
-- --
60 1200 + - I. 0.7% NH.CL 0.15 cc. 0 
/kg. 
- II. after 2 hours 0.2 cc./ 0 
kg. 
+++ - III. after 6 days 0.15 cc./ vehement scratching 
kg. 
3067 1400 2% - 0.1 cc./kg. instantaneously vehement 
scratching 
10 1300 ++ - 0.1 cc./kg. cramps 
9 1020 ++ ++ 0.15 cc./kg. cramps 
3016 1300 2% - 0.1 cc./kg. vehement scratching 
3017 1600 ++ - 0.1 cc./kg. cramps 
49 1150 1% - 0 .15 pro toto scratching, cramps 
56 1300 3% 517 mg. 0 .15 pro toto cramps 
43 1050 1% - 0.1 cc./kg. 0 
45 1000 2% 333 mg. 0.15 cc./kg. cramps 
2% 323 mg. after 5 days cramps 
0.1 cc./kg. 
53 1150 - 333 mg. 0.1 cc./kg. scratching 
52 1000 + - 0.1 cc./kg. scratching 
44 1000 - 177 mg. 0.15 cc./kg. 0 
54 1300 - 175 mg. 0.15 pro toto 0 
55 1210 5% 384 mg. 0 .15 pro toto 0 
144 1040 +++ 170 mg. 0 .15 pro toto scratching 
149 840 + 200 mg. 0.1 cc./kg. scratching 
150 1000 +++ 123 mg. 0.15 cc./kg. 0 
142 1140 ++ 333 mg. 0.15 pro toto scratching 
231 1060 I - 300 mg. pilocarpine scratching 
0.15 cc./kg. 
75% presented scratching or cramps. 
III. Spinal Fluid Changes in Alloxan-diabetic Animals. 
The following finding was made in tests of the cerebrospinal fluid of diabetic 
rabbits. Of 14 animals whose fluid was examined with Nessler's reagent (which 
is suitable to detect even traces of ammonium) a positive reaction was obtained 
in 85% of the cases. (Table 3) The clear cerebrospinal fluid assumes a yellow 
to brown color immediately following the addition of Nessler's reagent. The 
change of color is still visible even when a ten-fold diluted fluid is employed for 
the test. The positive Nessler test was linked in most cases in these experiments 
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with the increase in susceptibility and was independent of the dietemployed. 
The reaction became negative when normal sugar values were established by 
administration of protamin zinc insulin. It also became negative spontaneously 
in the animals after a persistence of the metabolic disturbance. The alloxan 
solution yielded a negative Nessler test. Not a single positive reaction was 
recorded in a series of 16 normal rabbits whose cerebrospinal fluid was tested with 
Nessler's reagent.2 
Final proof that ammonium is responsible for the observed color reaction 
depends on direct chemical assays. Such assays have not been performed thus 
far because of small amount of spinal fluid which is available. 
Assuming that the substance responsible for the color development is in fact 
ammonium, it is proper to question the site of formation of the ammonium. 
TABLE 3 
Nessler's Test in the Cerebrospinal Fluid of Diabetic Rabl1its 
NIJl!BER HYPER-IRRITABLE NESSLER'S TEST 
·-
9 positive yellow 
10 " yellow 
3016 " brown 
3017 " brown 
49 " yellow 
45 " yellow 
53 " brown 
52 " " 
54 negative " 
55 negative " 
144 positive negative 
138 negative " 
142 positive brown 
149 " " 
85% present positive Nessler's Test positive. 
According to findings published in the literature, the blood ammonium level in 
man does not show any increase in diabetes, even when the stage of acidosis has 
been reached. There is no indication that the blood ammonium level in rabbits 
is increased in diabetes. The most reasonable assumption seems to be that the 
observed increase in the ammonium content of the cerebrospinal fluid of the 
rabbit in diabetes is brought about by an active production of ammonium on 
the part of the central nervous system itself. An example of such a process has 
been offered by Carl Riebeling (8) who demonstrated a particularly marked in-
crease of ammonium, at least part of which could not have derived from the 
blood in cases of epilepsy. 
We observed a positive result of the Nessler reagent in only one series. In 
another equally large series of tests we obtained only negative reactions. We 
cannot therefore conclusively evaluate the results. 
2 I am greatly obliged to Dr. Shapiro for his assistance. 
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CONCLUSIONS 
1. Scratching paroxysms were not induced by the injections of acetone, aceto-
acetic acid or cholesterol in animals under the conditions of these experiments. 
2. Glucose elicited scratching in experimental animals only when it was 
injected in doses considerably higher than the corresponding pathologic values 
known in man. 
3. Injection of ammonium chloride in animals with alloxan diabetes caused 
reactions (scratching paroxysm and cramps) after a dose of 0.15 cc and 0.1 cc. 
had been given. Normal controls yielded no reactions. 
4. An acid diet of oats in the experimental animal influences the susceptibility 
of the skin to itching significantly less than does diabetes (alloxan). 
5. 85 per cent of alloxan diabetic animals gave positive reactions to Nessler's 
reagent. Normal animals gave completely negative responses. This finding 
was not confirmed in another equally large series of tests. 
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